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7KHPRGHOFDQDOVREHXWLOL]HGLQDQµXSVFDOHG¶PDQQHULQZKLFKWKHUHDUUDQJHPHQWRIWKHSKDVHVWKHDSSHDUDQFH
DQG WKLFNQHVVRI WKH LQWHUIDFHVDUH OLQNHG WRDKHDOLQJIXQFWLRQ WKDWEHFRPHVDQ LQWULQVLFSDUDPHWHU WKDWFRQWUROV WKH


























WKHSUDFWLFDO LPSOLFDWLRQVRI WKLVSKHQRPHQRQDV LWZLOO UHODWH WR UHVWSHULRGV LQ WKH ODERUDWRU\ WRDVVHVV WKHKHDOLQJ





WKH LQGLYLGXDO SKDVHV E\ DVVXPLQJ WKDW D FHUWDLQ FRPSRVLWLRQ RQO\ WKH SKDVH ZLWK WKH ORZHVW HQHUJ\ ZLOO H[LVW
(TXLOLEULXP LV WKHQ IRXQG ZKHQ WKH FKHPLFDO SRWHQWLDO LV KRPRJHQHRXV WKURXJKRXW WKH PDWHULDO 7KLV GRHV QRW
KRZHYHUPHDQWKDWWKHPDVVIUDFWLRQKDVWREHKRPRJHQHRXV,QKRPRJHQHRXVGLVWULEXWLRQRISKDVHVDIIHFWVWKHDELOLW\
IRUELWXPHQ WR WUDQVPLW VWUHVVHV WKURXJK LWVPDWUL[+DYLQJNQRZOHGJHDERXW WKHELWXPHQFRQILJXUDWLRQ IUHHHQHUJ\
SRWHQWLDOVFDQWKHUHIRUHFRQWULEXWHWREHWWHUSUHGLFWLRQVRIWKHLQWLPHHYROXWLRQRILWVDELOLW\WRWUDQVPLWVWUHVVHVDQG
UHGXFHGDPDJHSURSDJDWLRQ2SWLPL]LQJ WKHELWXPHQSKDVHGLDJUDPV WRSURPRWH WKH UHVLOLHQFH IRU VWUHVVHQGXUDQFH
ZLOO WKHUHIRUH HQKDQFH WKH OLIHWLPH RI WKH RYHUDOO SDYHPHQW 7KLV PHDQV WKDW PROHFXODU YROXPHV GHQVLWLHV DQG
VROXELOLW\RIWKHELWXPHQSKDVHVVKRXOGEHGHWHUPLQHG

7KH VXUIDFH IUHH HQHUJ\ SRWHQWLDO DFFRXQWV IRU HQHUJ\ GXH WR LQWHUIDFHV EHWZHHQ WKH GLVWLQFW SKDVHV )RU GLIIXVH
LQWHUIDFHVWKLVPHDQVWKDWWKHIUHHHQHUJ\LVGHSHQGHQWRQERWKWKHORFDOFRPSRVLWLRQDVZHOODVLWVVXUURXQGLQJV,Q
WKH GHYHORSHG KHDOLQJ PRGHO WKH &DKQ+LOOLDUG DSSURDFK LV WDNHQ LQ ZKLFK WKH JHQHUDWLRQ DQG WKLFNQHVVHV RI WKH
LQWHUIDFHVGHSHQGVRQDJUDGLHQWHQHUJ\FRHIILFLHQW ,QVLJKW LQWR WKHJUDGLHQWHQHUJ\FRHIILFLHQWVRIYDULRXVELWXPHQ



































WDLORULQJ WKH PDWHULDO RU DGGLQJ DGGLWLRQDO FKDUDFWHUL]DWLRQ WHVW SURFHGXUHV WR WKH PDQXIDFWXULQJ GHVLJQ DQG
FRQVWUXFWLRQ SURFHVV VKRXOG EH PXFK OHVV WKDQ WKH DGGHG JDLQ WKURXJK HQKDQFHG OLIHWLPH UHGXFHG PDLQWHQDQFH













WKH SURGXFWLRQ SKDVH RI WKHPDWHULDOV DQG WKH SDYHPHQW 7R EH DEOH WR DVVHVV WKH H[WUD HQYLURQPHQWDO LPSDFWZLWK





RUDQDFWLYLW\E\ LGHQWLI\LQJDQGTXDQWLI\LQJUHODWHG LQSXWDQGRXWSXW IORZVXWLOL]HGE\ WKHV\VWHPDQG LWVGHOLYHUHG
IXQFWLRQDO RXWSXW LQ D OLIH F\FOH SHUVSHFWLYH %DXPDQQ HW DO  ,GHDOO\ LW LQFOXGHV DOO WKH SURFHVVHV IURP WKH
FUDGOHWRWKHJUDYHRIDSURGXFW6WXG\LQJWKHHIIHFWVDQGWKHLPSDFWVRQWKHHQYLURQPHQWGXULQJWKHGLIIHUHQWSKDVHV






TXDQWLILHV HQHUJ\ UDZPDWHULDOV DQG HPLVVLRQV IRU WKH FRQVWUXFWLRQPDLQWHQDQFH DQG WKH HQGRI OLIH RI WKH DVSKDOW
SDYHPHQW,QWKHV\VWHPGHILQLWLRQFHUWDLQERXQGDULHVZHUHDVVXPHGLQWKHGHYHORSPHQWRIWKHIUDPHZRUN)LUVWO\LW
ZDVDVVXPHGWKDWWKHURDGORFDWLRQZDVDOUHDG\NQRZQDVWKHVWXG\ZDVOLPLWHGWRWKHSURMHFWOHYHO6HFRQGO\ODQG
DUHD XVH IRU VRPH RWKHU SXUSRVH OLNH EXLOGLQJ FRQVWUXFWLRQ ZDV QRW FRQVLGHUHG )XUWKHUPRUH WKH WKLFNQHVV RI WKH
DVSKDOWOD\HUZDVDVVXPHGWREHFRQVWDQWDORQJWKHOHQJWKRIWKHURDGDQGIXHODQGHOHFWULFHQHUJLHVZHUHDFFXPXODWHG
VHSDUDWHO\7KLVDVVXPSWLRQZDVPDGHEHFDXVHHOHFWULFLW\LVDVHFRQGDU\HQHUJ\VRXUFHZKLFKFRXOGRQO\EHDGGHGWR
WKH IXHOHQHUJ\ LI WKHHOHFWULFLW\SURGXFWLRQHQHUJ\DQGHIILFLHQF\DUHNQRZQ7KH UDZPDWHULDOVFRQVLGHUHG IRU WKH















x &DVH  LV EDVHG RQ WKH DVVXPSWLRQ WKDW WKH ELWXPHQ KDV LQ IDFW NQRZQ FDSDELOLW\ IRU DQ LQWULQVLF KHDOLQJ







































0DWHULDOV )URP 7R &DVH 6HQVLWLYLW\$QDO\VLV
%LWXPHQ 5HILQHU\ 0L[SODQW  
:D[ 6WRUDJH 0L[SODQW  
$JJUHJDWH 4XDUU\VLWH 0L[SODQW  
$VSKDOW 0L[SODQW &RQVWVLWH  
GLVWDQFHVDUHGRXEOHGLQFDOFXODWLRQVDVORDGHGWUXFNVZLOOUHDFKWKHVLWHDQG
ZLOOEHHPSW\RQUHWXUQ
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
7KHIXQFWLRQDOXQLWRQWKHEDVLVRIZKLFKWKH/&$FDOFXODWLRQVDUHPDGHLVGHILQHGDVWKHFRQVWUXFWLRQRINP
ORQJ DQG  P ZLGH DVSKDOW SDYHPHQW IRU WKH VWDWHG GHVLJQ OLIH $VSKDOW SURGXFWLRQ GDWD IRU HOHFWULFLW\ LV 
N:KWRQQHDVSKDOWSURGXFHGDQGGLHVHORUKHDWLQJRLO LVOLWWRQQHDVSKDOWSURGXFHG7KHVHYDOXHVZHUHREWDLQHG
IURP6NDQVNDRQHRIWKHODUJHVWFRQWUDFWRUVLQ6ZHGHQ'DWDRIHQHUJ\FRQVXPHGSHUWRQQHRIPDWHULDOVHOHFWULFLW\




















,Q WKH DEVHQFH RI DFWXDO GDWD RI WKH FKDQJH LQ IXHO DQG HOHFWULFLW\ LQ WKH DVSKDOWPL[ SODQWZKHQ XVLQJ WKHZD[
PRGLILFDWLRQ DPHWKRGZDV GHYHORSHG WR FDOFXODWH DQ HVWLPDWHGYDOXH7KH IXHO YHUVXV DVSKDOWPL[LQJ WHPSHUDWXUH
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(7((OHFWULFLW\XVHG D  
)XHOFRQVXPSWLRQ E 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7UDQVSRUWDWLRQ(QHUJ\ F  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7RWDO:D[(QHUJ\  
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7RWDO3URFHVV(PLVVLRQV  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DEFSDUDPHWHUVIURP7DEOHDQG GHIURP7DEOH 
$VFDQEHVHHQIURPWKHSUHYLRXVDQDO\VLV WUDQVSRUWDWLRQGLVWDQFHVDUHRISDUDPRXQWLPSRUWDQFHRQWKHUHVXOWLQJ
HPLVVLRQV DQG HQHUJ\ XVDJH 7KH GHYHORSHG /&$ IUDPHZRUN FDQ WKHUHIRUH EH DOVR XVHG WR TXDQWLI\ WKH HIIHFW RI
FKDQJLQJ WKH ORFDWLRQ RI WKH DVSKDOW SODQW WKH DJJUHJDWH TXDUU\ RU WKH RWKHUPDWHULDO VXSSOLHUV ZLWK UHVSHFW WR WKH
SDYHPHQW VLWH 7R LOOXVWUDWH WKLV D VHQVLWLYLW\ DQDO\VLVZDV FDUULHGRXW LQZKLFK WKH GLVWDQFHVZHUH YDULHG7DEOH 
VKRZV WKHPDWHULDO WUDQVSRUWDWLRQGLVWDQFHVFRQVLGHUHGIRUWKHFDVHVWXG\DQG WKHVHQVLWLYLW\DQDO\VLV)URPWKHFDVH
VWXG\LWZDVIRXQGWKDWRIWKHWRWDOSURFHVVHQHUJ\ZDVFRQVXPHGIRUPDWHULDOVWUDQVSRUWDWLRQSHUIXQFWLRQDO
XQLW DQG IRU WKHSURGXFWLRQRI DVSKDOW SHU IXQFWLRQDO XQLW+HQFH DVSKDOW SURGXFWLRQZDV WKHPRVW HQHUJ\
LQWHQVLYHSURFHVVLQWKH/&$VWXG\)URPWKHVHQVLWLYLW\DQDO\VLVLQZKLFKWKHYDULRXVVLWHVZHUHDWODUJHUGLVWDQFHV
IURP HDFK RWKHU LW ZDV IRXQG WKDW  *-  *- DQG  *- IXHO HQHUJ\ ZDV FRQVXPHG WR WUDQVSRUW ELWXPHQ
DJJUHJDWH DQG DVSKDOW UHVSHFWLYHO\ 7KLV PHDQV WKDW   RI WKH WRWDO SURFHVV HQHUJ\ ZDV FRQVXPHG IRU WKH
WUDQVSRUWDWLRQ RI WKHPDWHULDOV LQ FRPSDULVRQ WR WKH DVSKDOW SURGXFWLRQ ZKLFKZDV  ,QFUHDVLQJ WKH GLVWDQFHV
EHWZHHQGLIIHUHQWVLWHVOHGPDWHULDOWUDQVSRUWDWLRQWREHWKHPRVWHQHUJ\LQWHQVLYHSURFHVVLQWKHOLIHF\FOHSHUVSHFWLYH




KRZHYHU LW LV QRW NQRZQZK\ WKLV LV WKH FDVH QRU LV LW XQGHUVWRRG KRZ ZH FDQ HQKDQFH RU PHDVXUH WKLV KHDOLQJ
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FDSDFLW\LQDFRUUHFWPDQQHU,QWKLVSDSHUDQHZKHDOLQJPRGHOWKDWZDVUHFHQWO\SURSRVHGZDVSUHVHQWHGDQGEDVHG




,Q WKH FDVH VWXG\ WKH DVVXPSWLRQV WKDW ELWXPHQ KDV DQ LQWULQVLF KHDOLQJ FDSDFLW\ DQG WKDW ELWXPHQPD\ QHHG WREH





RSWLPL]HGSDYHPHQWGHVLJQ KHQFH UHGXFLQJ WKHHQHUJ\FRQVXPSWLRQDQGHPLVVLRQV$ OLPLW LQ WHUPVRIHQHUJ\DQG





$VSKDOWSURGXFWLRQZDV VKRZQWREHDKLJKO\HQHUJ\ LQWHQVLYHSURFHVV LQDOO WKUHHFDVHV+HQFH WKHELQGHUVHOI
KHDOLQJFDSDELOLW\DQGWKHXVHRIDGGLWLYHVOLNHZD[HVVKRXOGEHIXUWKHUVWXGLHGLQRUGHUWRGHWHUPLQHEHQHILWVZKLFK
FRXOGEHDFKLHYHGLQWHUPVRIUHVRXUFHFRQVXPSWLRQHQHUJ\DQGHPLVVLRQVE\ORZHULQJ WKHHQHUJ\XWLOL]DWLRQLQWKH
DVSKDOWPL[SODQW0DWHULDO WUDQVSRUWDWLRQGLVWDQFHVDOVRSOD\ DYHU\ LPSRUWDQW UROH LQ WHUPVRIHQHUJ\FRQVXPSWLRQ
DQGHPLVVLRQV/DUJHUGLVWDQFHVEHWZHHQGLIIHUHQWLQWHUHVWVLWHVOHDGWRVLJQLILFDQWO\PRUHIXHOFRQVXPHGZKLFKUHVXOWV
WR KLJK HQHUJ\ FRQVXPSWLRQ DQG HPLVVLRQV PDNLQJ WKH WUDQVSRUWDWLRQ RI WKH PDWHULDOV WKH PRVW HQHUJ\ FRQVXPLQJ
SURFHVVLQDOLIHF\FOHSHUVSHFWLYH,WFDQWKHUHIRUHEHUHFRPPHQGHGWRKDYHVKRUWHUWUDQVSRUWGLVWDQFHV

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.ULQJRV16FKPHWV$3DXOL7	6FDUSDV$$WKHUPRG\QDPLFDSSURDFKWRKHDOLQJLQELWXPHQLQ
3URFHHGLQJWK,QWHUQDWLRQDO5,/(0FRQIHUHQFHRQDGYDQFHGWHVWLQJDQGFKDUDFWHUL]DWLRQRIELWXPLQRXVPDWHULDOV
5KRGHV*UHHFH-XQH

.ULQJRV13DXOL76FKPHWV$	6FDUSDV$'HPRQVWUDWLRQRID1HZ&RPSXWDWLRQDO0RGHOWR6LPXODWH
+HDOLQJLQ%LWXPHQ-RXUQDORI$VVRFLDWLRQRI$VSKDOW3DYLQJ7HFKQRORJLVWVXQGHUUHYLHZ

3DXOL7'HYHORSPHQWRIDQXQGHUVWDQGLQJRIKHDOLQJDQGFUDFNLQJLQELWXPHQRQWKHPLFURVFDOH3K'WKHVLV
'HOIW8QLYHUVLW\RI7HFKQRORJ\XQGHUUHYLHZ

6FKPHWV$.ULQJRV13DXOL75HGHOLXV3	6FDUSDV$2QWKHH[LVWHQFHRIZD[LQGXFHGSKDVH
VHSDUDWLRQLQELWXPHQ,QWHUQDWLRQDO-RXUQDOIRU3DYHPHQW(QJLQHHULQJ

6WULSSOH+/LIH&\FOH$VVHVVPHQWRI5RDG$3LORW6WXG\IRU,QYHQWRU\$QDO\VLV*|WHERUJ,9/6ZHGLVK
(QYLURQPHQWDO5HVHDUFK,QVWLWXWH


